Abstract | Gestational diabetes mellitus (GDM) carries a small but potentially important risk of adverse perinatal outcomes and a long-term risk of obesity and glucose intolerance in offspring. Mothers with GDM have an excess of hypertensive disorders during pregnancy and a high risk of developing diabetes mellitus thereafter. Diagnosing and treating GDM can reduce perinatal complications, but only a small fraction of pregnancies benefit. Nutritional management is the cornerstone of treatment; insulin, glyburide and metformin can be used to intensify treatment. Fetal measurements complement maternal glucose monitoring in the identification of pregnancies that require such intensification. Glucose testing shortly after delivery can stratify the short-term diabetes risk in mothers. Thereafter, annual glucose and HbA 1c testing can detect deteriorating glycaemic control, a harbinger of future diabetes mellitus, usually type 2 diabetes mellitus. Interventions that mitigate obesity or its metabolic effects are most potent in preventing or delaying diabetes mellitus. Lifestyle modification is the primary approach; use of medications for diabetes prevention after GDM remains controversial. Family planning enables optimization of health in subsequent pregnancies. Breastfeeding may reduce obesity in children and is recommended. Families should be encouraged to help children adopt lifestyles that reduce the risk of obesity.
Introduction
Gestational diabetes mellitus (GDM) is one of the most common medical complications of pregnancy. The disease has important health implications for mother and child. This Review discusses current evidence for the importance of GDM, opportunities to reduce risk to mother and child and recommendations for clinical care.
What is gestational diabetes mellitus?
Definition GDM is defined as glucose intolerance with onset or first recognition during pregnancy. 1 The definition does not require any return to normal glucose levels following delivery. Thus, GDM simply represents elevated glucose levels at one point (specifically during pregnancy) in the life of a young woman.
Detection
Outside of pregnancy, screening for clinically impor tant hyperglycaemia is generally recommended only for indivi duals with specific risk profiles. 1 By contrast, screening for abnormal glucose levels is generally recom mended as a routine component of care for pregnant women. 1 Traditionally, screening during pregnancy has involved two steps. The first is a simple 1 h glucose chal lenge test to identify the large number of women at very low risk of clinically important hyperglycaemia. The second step is a more complex 2 h or 3 h oral glucose tolerance test (OGTT) applied to women classified as 'at risk' on the basis of the results of the 1 h glucose challenge test; this second step defines the subset of women who have GDM. Specific cutoff points used in this detec tion process have varied widely. The use of cutoff points towards the lower limit of this range will result in propor tionately increased incidence rates of GDM, and include many women with only mild hyper glycaemia. The use of cutoff points at the top end of the range results in fewer cases with greater hyperglycaemia.
For the purposes of this discussion, the specific cutoff points are less important than the general concept that GDM is diagnosed following a form of population screening for hyperglycaemia in young women. 2 That screening occurs at a time when the women are gener ally quite insulinresistant, although, as discussed below, the acquired insulin resistance of late pregnancy might not be a dominant feature of the pathogenesis of GDM. As explained below, the hyperglycaemia of GDM seems to have a small but demonstrable effect on perinatal out comes, and is also associated with important longterm health problems in affected mothers and their children.
The aim of the Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) study was to define uniform diag nostic criteria for GDM. 3 Unlike prior efforts, the HAPO study focused on perinatal outcomes rather than the risk of future diabetes mellitus in the mother. Approximately 25,500 women from nine countries underwent OGTTs with 75 g glucose in the third trimester of pregnancy. Unless glucose levels were dangerously high, the women's providers were blinded to the OGTT results so that patients received standard antenatal care. Rates of perinatal complications were examined in relation to the OGTT results to determine whether there was a threshold for maternal glucose levels above which perinatal risks rose abruptly. No such threshold was found. Instead, risks of adverse perinatal outcomes increased gradually and smoothly in association with rising maternal glucose levels, as measured by the OGTT.
In the absence of a biological threshold for diagno sis of GDM based on perinatal risks, the International Association of Diabetes and Pregnancy Study Groups (IADPSG) convened a consensus panel that selected the diagnostic criteria for GDM presented in Table 1 . 4 The individual glucose cutoff points are only modestly different from those that were already in use in many countries. However, the new criteria require only one abnormal value on a 75 g OGTT to make the diagno sis of GDM, compared with the two abnormal values commonly required in the past. As a result, many more women than before will meet the criteria for GDM if the IADPSG criteria are used. For example, when the new Key points ■ Gestational diabetes mellitus (GDM) is caused by reduced pancreatic β-cell function, which results from the full spectrum of causes of β-cell dysfunction in young women ■ GDM is associated with a modest increase in adverse perinatal outcomes, an increased risk of obesity in offspring and a high risk of subsequent development of diabetes mellitus in mothers ■ GDM is treated nutritionally; insulin or oral antidiabetic agents can be added if maternal glucose levels and/or fetal growth parameters indicate a sufficiently high risk of perinatal complications ■ Long-term management of mothers includes assessment of the level and type of diabetes risk, and lifestyle and/or pharmacological approaches for women at risk of type 2 diabetes mellitus ■ Long-term management of offspring should focus on detection and mitigation of the development of obesity and its complications ■ A great need exists for high-quality clinical evidence to determine optimal approaches for the management of GDM during and after pregnancy criteria were applied retrospectively to data from the HAPO cohort, approximately 18% of women met the criteria for GDM. 4 This incidence rate is approximately twice that reported with old diagnostic approaches.
One advantage of the new approach is that a large majority of patients can be identified by assessing fasting blood glucose levels and 1 h values on the OGTT. 4 This finding suggests that a onestep approach employing a 75 g OGTT can be used to simplify the detection of GDM in many settings. However, the 2 h value on the OGTT could be particularly important in some regions or ethnic groups. 5 Controversies surrounding the wide spread adoption of the IADPSG approach for the diagno sis of GDM have been summarized in several articles. [6] [7] [8] Some professional organizations have adopted the new criteria for GDM, whilst others are waiting for evidence of the beneficial effects of treatment in this expanded population of patients before recommending any change in criteria to clinicians.
One additional recommendation of the IADPSG consensus panel was to create a category of overt dia betes in pregnancy. Women are given this diagnosis if their glucose levels meet the criteria for diabetes mel litus outside of pregnancy (Table 1 ). This distinction is not artificial. The offspring of women with this level of hyperglycaemia are at an increased risk of birth defects, whereas offspring of women with GDM do not have any increase in this risk. 9 Also, women with overt diabetes mellitus could have chronic diabetic complications that increase their risks of hypertensive disorders and visual deterioration during pregnancy. Thus, these women should be managed as if they had preexisting diabetes mellitus, a topic beyond the scope of this Review.
Frequency of GDM
Diagnostic criteria for GDM have varied widely by geo graphy and over time. As a result, it has been difficult to compare the incidence of GDM among ethnic groups or to determine whether GDM rates have changed over time. Two studies from the Kaiser Permanente health systems in the USA 10,11 assessed the incidence of GDM in pregnant women of various ethnic groups after a standard ized diagnostic approach for GDM had been applied over 9-10 year periods between 1991 and 2002. In both studies, the incidence of GDM rose over time, from slightly less than 4% to more than 6%. GDM was most common among people of Asian ancestry or Hispanic ethnicity and least common in people of European ancestry; GDM had an intermediate incidence in African American women. GDM rates rose in parallel in all ethnic groups, which indicated a true increase in the incidence of GDM over time. A report from Kaiser Permanente Southern California health system published in 2011 suggests that the rise in GDM rates is continuing. 12 In this study, which spanned the period 1995-2009, the overall incidence of GDM was 10%, with higher rates in Asian (17%) and Hispanic (11%) women and lower rates in nonHispanic white (7%) and black (7%) women. 12 As noted above, adoption of the IADPSG criteria would approximately double these figures. 
Mechanisms underlying GDM
Similarly to other causes of hyperglycaemia, GDM is a disease of the pancreatic β cells, which do not produce suf ficient insulin to meet the increased requirements of late pregnancy. The simplicity of this description belies a more complex set of aetiologies for GDM. Mechanistic studies of GDM reveal at least three separate under lying causes of βcell dysfunction. First, some women have circulating immune markers (for example, antiislet cell antibodies or antibodies to glutamate decarboxylase 65) that are diag nostic of evolving type 1 diabetes mellitus (T1DM). The frequency of these auto antibodies is generally <10% of all women with GDM and tends to parallel the background prevalence of T1DM in the population. [13] [14] [15] [16] Second, some women have genetic variants that are diagnostic of monogenic forms of diabetes. These women could have subtypes of maturityonset dia betes of the young and maternally inherited diabetes. [17] [18] [19] Systematic data on the frequency of these monogenic forms of diabetes in GDM are limited, but they seem to be rare, accounting for 1-5% of cases. The third general setting in which the βcell defects that underlie GDM occur is that of obesity and chronic insulin resistance. This group rep resents the majority of cases of GDM, leading many clini cians to view GDM as a form of evolving type 2 diabetes mellitus (T2DM). This view could be accurate for the majority of cases, but the full spectrum of GDM includes other causes of inadequate βcell function in relatively young women. Appropriate care for mothers, especially after pregnancy, requires an understanding of this fact, as will be discussed below.
Knowledge of the role that acquired insulin resist ance of pregnancy has in the pathogenesis of the hyper glycaemia that defines GDM has evolved over time. Traditionally, it has been thought and taught that GDM develops when β cells fail to keep pace with the increas ing insulin resistance that occurs during the second half of pregnancy. The resultant increasing imbalance between insulin demand and supply manifests itself as rising glucose levels, especially during the second half of pregnancy when insulin resistance is its greatest. In this scenario, glucose regulation returns to normal post partum, only to resurface years later as hyperglycaemia and diabetes mellitus, usually T2DM.
Serial studies of insulin resistance and βcell function in women who develop GDM provide quite a different picture. A large majority of the insulin secretory defect that is present in the third trimester of pregnancy is present before 20, 21 and soon after 2, 22 pregnancy. In fact, insulin secretion during pregnancy increases in parallel in women with and without GDM (Figure 1 ), but from a lower starting point in women with the condition. Clinical characteristics of the women in these studies suggest that they fall into the subtype of GDM that is related to T2DM. Thus, many (perhaps most) women with GDM seem to have a βcell defect that is chronic rather than acquired during pregnancy. This concept is consistent with the fact that GDM tends to occur in women over 30 years old who have had multiple preg nancies and who are obese. Obesity and pregnancy are conditions that promote chronic βcell dysfunc tion, which is only detected during pregnancy, when glucose tolerance is tested for the first time in many women's lives.
In summary, GDM is a generally mild form of hyper glycaemia that reflects inadequate βcell compensation for the body's insulin needs. In some cases, the acquired insulin resistance of pregnancy could create insulin demands that exceed the capacity of βcells to supply insulin for the limited time frame of pregnancy alone. However, most cases probably represent chronic βcell dysfunction that is only detected during pregnancy, when glucose tolerance is measured as part of routine care and often for the first time in a young woman's life. As discussed below, βcell function is not just deficient during pregnancy in women with GDM, it deteriorates over time, which results in women who have had GDM being at a high risk of developing diabetes mellitus in the years following the index pregnancy.
Why is GDM important?
Antepartum and perinatal considerations Overt maternal diabetes mellitus can adversely influ ence intrauterine fetal development. Spontaneous abor tions and major congenital anomalies may be induced in the first trimester. Excessive fetal growth, neonatal hypoglycaemia, jaundice, polycythaemia and stillbirth may occur during the second and third trimesters. As noted above, excess birth defects are generally limited to women with gestationally diagnosed hyper glycaemia that meets the criteria for overt diabetes mellitus. The frequency of adverse fetal outcomes across the full range of maternal hyperglycaemia that defines true GDM is difficult to determine. The reason is simple -women in the upper part of that range almost always receive some form of treatment.
Results from the HAPO study provide useful insight into the frequency of perinatal complications in women with mild to moderate GDM in the absence of treat ment. In the HAPO study, women with fasting plasma glucose levels of >5.8 mmol/l or a 2 h glucose level of >11.1 mmol/l on the 75 g OGTT were referred for treat ment of GDM. Women with glucose levels below these thresholds received no diagnosis or interventions targeted to their glycaemic control. Retrospective application of the new IADPSG criteria for GDM to these untreated women revealed statistically significant increases in 10 different adverse perinatal outcomes in women who met these criteria compared with those who did not (Table 2) . Although the increase in relative risk ranged from 1.70 to 2.02 across the 10 complications, the absolute risk (the difference in complication rates between the GDM and control groups) was not more than 11% for any com plication. Similar patterns have been observed in many smaller studies; for example, a 10% absolute risk of caesa rean delivery and a 14% absolute risk of macrosomia in women with untreated, borderline GDM in the Toronto TriHospital GDM project. 23 The main message is that the diagnosis of GDM imparts some excess risk of perinatal complications. However, only a minority of pregnancies have an adverse outcome that could be attributed to GDM. This fact will become important when approaches to antepartum management are discussed below.
Long-term health of the mother Women who are diagnosed with GDM are at high risk of developing diabetes mellitus later in life. An estimated ~10% of women with GDM have diabetes mellitus soon after delivery. The rest develop diabetes mellitus at rates of 20-60% within 5-10 years after the index pregnancy in the absence of specific interventions to reduce their risk of diabetes mellitus. Limited longterm data suggest that not all women with GDM will get diabetes melli tus, 24 but certainly the majority will. Thus, as is true for perinatal complications, GDM is a risk factor for dia betes mellitus after pregnancy. However, the risk of dia betes mellitus in the mother after GDM is much higher than the risk of perinatal complications associated with GDM. Thus, GDM can be reasonably considered to be a form of prediabetes, similar to impaired glucose tolerance in nonpregnant individuals.
As discussed above, diabetes mellitus after GDM can take several forms, but the majority of patients fit the phenotype of prediabetes leading to T2DM. Longitudinal studies of glucose regulation after GDM reveal falling βcell compensation for chronic insulin resistance, which might also worsen over time. 25 Risk factors for the early development of diabetes mellitus after pregnancy include markers suggestive of profound decompensa tion, which include high glucose levels, marked insulin resistance and poor βcell function. Women with these charac teristics do not have to deteriorate much to cross the line to glucose levels that define diabetes mellitus. Risk factors for acceleration of the deterioration in βcell function that causes diabetes mellitus include weight gain, insulin resistance, rising levels of Creactive protein and falling levels of adiponectin. 26 These findings suggest that the metabolic effects of obesity are important deter minants of the βcell deterioration that leads to diabetes mellitus. Indeed, as discussed below, amelioration of the adverse metabolic effects of obesity-through weight loss or the use of medications that improve adipose tissue biology-provide the strongest protection against the development of T2DM following GDM.
The background upon which T2DM develops is one of obesity and related conditions that are often referred to as the metabolic syndrome. As might be expected, women who have had GDM manifest components of the metabolic syndrome more often than do women without GDM. 27 A history of GDM is also associ ated with increases in cardiovascular risk factors 28 and cardiovascul ar event rates. 29 Long-term health of the offspring Several [30] [31] [32] [33] but not all 34, 35 studies of growth and develop ment in the offspring of mothers with diabetes mellitus indicate an increased risk of obesity during childhood and adolescence. Some of this effect could represent simple heredity or shared environment between mothers and children; however, several observations suggest an independent effect of exposure to diabetes mellitus in utero. First, offspring of mothers with diabetes mel litus have a higher risk of developing obesity than the offspring of fathers with diabetes mellitus. 36 Second, offspring of mothers with T1DM (who are generally not obese) have higher BMI by age 14-17 years and more often have impaired glucose tolerance than offspring of nondiabetic mothers. 37 Third, and most convincingly, in sibling pairs discordant for exposure to maternal dia betes mellitus, offspring born after the mother developed diabetes mellitus had a higher BMI and a higher risk of developing diabetes mellitus than offspring born before their mother developed diabetes mellitus. 36 In Pima Indians, glucose levels in the range diagnos tic for GDM were associated with an increased risk of obesity in offspring. These findings suggest that fetal exposure to maternal diabetes mellitus, including GDM, influences important aspects of the regulation of appe tite and/or energy expenditure in favour of a positive caloric balance. Interestingly, the effect of maternal diabetes mellitus on offspring does not become mani fest as increased BMI until after ~2 years of age, 37, 38 and effects on other components of the metabolic syndrome, including hyper glycaemia, have been observed. 37 All these findings suggest that exposure to maternal dia betes mellitus in utero could be an important contribu tor to the rising rates of obesity and dia betes mellitus that are occurring in developed countries throughout the world. 31 Can the risks of GDM be reduced?
Antenatal and perinatal complications Traditionally, most evidence about the antenatal and peri natal benefits of diagnosing and treating GDM has come from a mix of clinical observations and non randomized treatment trials. As a result, expert bodies have made a wide range of recommendations about the importance of diagnosing and treating GDM. At one end of the spectrum are organizations that recommend widespread or universal screening for GDM and imple mentation of stepped care protocols for women with the disease. 1, 39 At the other end of the spectrum are groups that have questioned the costeffectiveness of detecting GDM at all. [40] [41] [42] Two randomized clinical trials have provided evidence that diagnosing and treating GDM can have statistically significant beneficial effects, albeit in a relatively small fraction of patients. In the Australian Carbohydrate Intolerance Study (ACHOIS), 43 participants underwent a 75 g OGTT between 16 and 30 weeks of gestation, and fasting plasma glucose levels of <7.8 mmol/l or 2 h post OGTT glucose levels 7.8-11.0 mmol/l were used as the criteria for the diagnosis of GDM. Women with GDM were randomly allocated to usual care (patients and providers blinded to the OGTT results) or intervention. In the intervention group, patients and providers were aware of the OGTT results. Treatment included indivi dualized nutritional advice and glucose self monitoring. Exogenous insulin was given when glucose levels exceeded prespecified targets. The intervention group had a lower rate of serious perinatal complications (1% versus 4%; mostly shoulder dystocia) but a higher rate of admissions to the neonatal intensive care unit (71% versus 61%).
The Maternal-Fetal Units Network study in the USA used a 100 g OGTT, administered between 24 and 30 weeks gestation, and GDM was diagnosed when at least two glucose values met or exceeded the following levels: fasting 5.3 mmol/l, 1 h 10.0 mmol/l, 2 h 8.6 mmol/l, 3 h 7.8 mmol/l. 44 Patients were randomly allocated to usual care (blinded to the diagnosis) or intervention, as in the ACHOIS study. A composite of clinically signifi cant perinatal outcomes (death, trauma, jaundice, hypo glycaemia or elevated Cpeptide levels) occurred in the offspring at similar frequencies in the two groups. Rates of shoulder dystocia were reduced in the intervention group (1.5% versus 4%), similar to the results of the ACHOIS study. In both randomized clinical trials, intervention was associated with significant reductions in mean birth weights (~100-150 g), in rates of infants that were born large for gestational age or that weighed >4,000 g at birth, and in rates of maternal hypertensive disorders. For these last three adverse outcomes, the absolute differences in rates between groups were ~6-10%.
Taken together, these two studies and a meta analysis that included them both and three smaller studies 45 reveal a consistent pattern. Diagnosing GDM and treat ing it using nutritional advice, glucose selfmonitoring and, if required, exogenous insulin, lowers the relative risk of fetal overgrowth, shoulder dystocia and maternal hypertensive disorders. However, only a small fraction of pregnancies benefit from these interventions, since most pregnancies affected by GDM do not incur any adverse perinatal outcomes in the absence of treatment and some pregnancies incur them despite treatment.
A much larger body of evidence exists regarding the effect of intensifying treatment beyond nutritional therapy once GDM has been diagnosed. In a meta analysis of 13 studies, 45 the methods of intensification varied consider ably across the thirteen studies and included insulin treatment versus diet alone, different intensities of insulin therapy, insulin versus aerobic exer cise, glucose monitoring at clinic visits versus glucose selfmonitoring by patients, morefrequent versus less frequent glucose selfmonitoring, glucose selfmonitoring versus continuous glucose monitoring, therapy adjust ments at visits versus adjustments using telemedicine, caloric restriction versus unrestricted diets with insulin treatment, and the use of ultrasonography to guide de cisions on insulin treatment.
The studies were generally small (41-342 individuals each). As might be expected, it was difficult to identify uniform or consistent findings across this heterogeneous group of studies in the metaanalysis. Rates of shoulder dystocia, which were reported in five of the 13 studies, were significantly reduced in the intensification groups (~3% absolute risk reduction). There was a trend towards a reduction in the rate of large for gestational age babies in the intensification groups that did not reach statisti cal significance and represented only a 4% absolute risk reduction overall. No important differences in rates of caesarean delivery, birth trauma, macrosomia or peri natal mortality were found. Thus, as is true for diagnos ing and treating GDM, intensifying treatment can benefit a numerically small but potentially important subset of patients.
The information presented above highlights a major weakness in the current approach to GDM. Intensive monitoring and, to a lesser extent, pharmacological treat ments are applied to a large number of patients to improve outcomes in a few. Even if this approach proves cost effective, 46 it is almost certainly inefficient. In truth, when it comes to perinatal complications, GDM is more of a risk factor than a disease. A very great need exists for precise methods to identify the subset of pregnant women with GDM who are at the highest risk of peri natal complications so that the most intensive monitoring and treatment efforts can be directed at them. Maternal blood glucose measurements are a very crude tool in this regard. This issue is discussed below in relation to approaches to treatment during pregnancy.
Protecting long-term maternal health
A reasonably robust and growing body of clinical trial evidence supports reducing the risk of diabetes mellitus in highrisk individuals. For individuals at high risk of developing T1DM, the evidence is that we do not have any interventions that work well in humans. For indivi duals at high risk of developing T2DM, the story is very different. Lifestyle interventions, metformin, acarbose and thiazolidinediones reduce the risk of T2DM by 25-72% in adults with impaired glucose levels. [47] [48] [49] [50] [51] [52] The best evidence for risk reduction and disease mitigation comes from approaches that either change body adipose tissue content (lifestyle changes can produce ~58% risk reductions) or adipose tissue biology (thiazolidine diones can produce 55-72% risk reductions). 53 Evidence is less strong for approaches that primarily reduce rates of glucose appearance in the circulation (acarbose and metformin can produce 25-31% risk reductions). 53 Two trials provide information for the specific group of women with a high risk of T2DM owing to a history of GDM. The Troglitazone in the Prevention of Diabetes study was conducted solely in Hispanic women with prior GDM. 48 The study demonstrated a 55% reduc tion in the incidence of T2DM over a 30month period. Protection from T2DM was associated with reduced secretory demands on β cells and with significant slowing of the decline in βcell function. Preservation of βcell function persisted when patients were switched to pioglita zone, after troglitazone was withdrawn from clini cal use. 54 The US Diabetes Prevention Program included women with a history of GDM as one risk factor for diabetes mellitus. A posthoc comparison of the effects of lifestyle modification or metformin treatment versus placebo revealed that lifestyle modification was equally effec tive in reducing the risk of diabetes mellitus in women with and without a history of GDM (50% versus 49% risk reductions, respectively). 55 By contrast, metformin was more effective in women with than without a history of GDM (50% versus 14%, respectively). Thus, metformin may be particularly effective in reducing the risk of diabetes mellitus in women with a history of GDM, for reasons that are not clear at present. The limited avail able evidence suggests that assessment and reduction of cardiovascular risk should be an additional component of care for women with prior GDM.
28,29
Improving long-term health of offspring Little highquality evidence exists to guide clinicians aiming to reduce the risks of obesity and diabetes mel litus in the offspring of mothers with diabetes mellitus. Breastfeeding has been associated with a reduced long term risk of obesity and diabetes mellitus compared with bottle feeding in several observational studies, some of which included mothers with diabetes mellitus. 56, 57 The hope that aggressive control of maternal glucose levels in pregnancy might also mitigate the develop ment of obesity in their children remains to be realized. Followup of participants in the ACHOIS study, in which diagnosis and treatment of GDM led to a reduction in birth weights and macrosomia rates in offspring, did not reveal any intergroup difference in BMI Zscores of the offspring by ages 4-5 years. 58 The Metformin in Gestational Diabetes trial 59 com pared metformin with insulin in women with GDM who required intensification of treatment beyond dietary therapy. The two treatments provided similar perinatal outcomes, including birth weights and skin fold measure ments in newborn babies. At age 2 years, offspring of the two treatment groups had similar body adipose tissue content, but the offspring in the met formin group had small (3-16%) but statistically sig nificant increases in skinfold thicknesses. 60 The authors suggested that this finding might reflect increased sub cutaneous and reduced visceral adipose tissue in the metformin group, but that suggestion remains to be proven. Thus, other than breastfeeding, no interven tions have been proven to reduce obesity and its com plications in offspring exposed in utero to GDM or any other form of diabetes mellitus. However, excess rates of obesity in offspring from mothers with GDM may take years to develop; longterm studies will, therefore, be required to provide definitive information on this issue.
Recommendations for clinical care
Antepartum care Nutritional therapy is widely recommended as an inte gral part of the treatment of women with GDM. Unfor tunately, little information from controlled trials exists to guide nutritional recommendations for this condi tion. In general, nutritional requirements are the same for pregnant women with and without GDM. However, several dietary modifications can lower glucose levels more effectively than a standard diet for pregnant women. These include reducing caloric intake for over weight and obese women (for example, to ~25 kcal/kg of body weight), 61 limiting carbohydrate content to 35-40% of total calories 62, 63 and focusing on complex rather than simple carbohydrates. The second of these modifications improves perinatal outcomes compared with diets including higher carbohydrate levels. 64 These principles can be applied in practice by individualizing dietary advice under the guidance of a nutritionist who is expert in the dietary management of women with d iabetes mellitus in pregnancy.
The next step after initiating nutritional therapy is the identification of women who need additional treatment to minimize the risk of perinatal complications. Two general approaches have been applied, the most common of which is regular glucose selfmonitoring by patients. The optimal timing and frequency of monitoring has not been determined. One study that is often cited as proof that postmeal glucose targets are more important than premeal targets in the management of GDM 65 actually compared rather low postmeal targets to fairly high premeal targets. Thus, the design was biased in favour of postmeal monitoring. Other studies have found that perinatal complications are more closely related to fasting glucose levels than to postchallenge glucose levels measured at the time of diagnosis of GDM. 66, 67 In the absence of definitive evidence, it has become common practice to ask patients to measure capillary glucose levels before breakfast and 1-2 h after breakfast, lunch and dinner. Treatment targets have varied among studies that have demonstrated improved perinatal outcomes. Some commonly recommended targets are fasting plasma glucose levels ≤5.3 mmol/l, 1 h postmeal glucose levels ≤7.8 mmol/l and 2 h postmeal glucose levels 6.7 mmol/l.
The other general approach to identifying preg nancies that can benefit from intensified metabolic manage ment employs a combination of maternal plasma glucose measurements and fetal morphological measurements. This approach is based on two principles. The first is that fasting plasma glucose concentrations above a given threshold, measured at routine clinic visits, are high enough to warrant intensified treatment because they impart a high risk of preventable perinatal com plications. Studies by the authors' group suggest that a fasting plasma glucose level ≥5.8 mmol/l is useful in this regard. 68, 69 The second principle is that, among women with fasting glucose levels below this value, fetal measure ments can identify the substantial fraction of pregnancies that will not incur a perinatal c omplication in the absence of intensified treatment.
The authors' group has used fetal abdominal circum ference measurements obtained by ultrasono graphy to identify such pregnancies. In pregnant women with a fasting plasma glucose level <5.8 mmol/l, a fetal abdominal circumference below the 70 th percentile for gestational age between 29-33 weeks of gestation was associated with no excess risk of large for gestational age infants or caesarean deliveries compared with that in nondiabetic pregnant women. 69 Moreover, the find ings showed that intensified insulin treatment in preg nancies with fetal abdominal circumference above the 70 th percentile could eliminate the excess of large for gestational age infants. 69 The peripheral blood glucose targets employed in this last subgroup were fasting levels <4.4 mmol/l and 2 h postprandial levels <6.1 mmol/l. These low targets can be used because there is virtually no risk of the offspring becoming small for gestational age 70 when this treatment is directed at women carrying fetuses with evidence of increased growth. Note that only women who were placed on insulin require glucose self monitoring with this approach, providing considerable savings to offset the cost of the fetal ultrasonography.
Several options are available for intensifying therapy beyond nutritional management once the decision is made to do so. Traditionally, exogenous insulin was the primary mode of pharmacological treatment. Insulin remains an important option and regimens should be tailored to meet glycaemic targets. No convincing evi dence exists to exclude any available insulin from use during pregnancy. Small studies have suggested that regular aerobic exercise can reduce glucose levels as effectively as insulin does. 71, 72 However, the intensity of exercise employed in these studies was high (for example, 60% of maximal oxygen uptake for 45 min 3 days a week) and not easy for pregnant women to achieve. Regular exercise of lower intensity, such as walking after meals, is often recommended for women with GDM, although data are lacking on the effect of this level of exercise on pregnancy outcomes.
Two randomized trials have expanded the pharmaco logical options for GDM to include oral antidiabetic agents. One study compared glyburide with insulin in women who were deemed in need of intensified treat ment on the basis of maternal selfmonitored glucose level results. 73 Equivalent perinatal outcomes were observed in the two groups. Only 4% of women assigned to glyburide also received insulin to meet prespecified glycaemic targets. A similar study compared metformin with insulin. 59 Perinatal outcomes were again similar in the two treatment groups; however, 46% of women assigned to metformin received supplemental insulin to achieve glycaemic targets. Patients reported a preference for metformin over insulin.
At least two oral agents can, therefore, be used to intensify treatment and achieve good perinatal out comes. Moreover, information on offspring outcomes in early childhood is available from the metformin versus insulin trial 59 which found similar body fat content at age 2 years in offspring of the two treatment groups. 60 As noted above, the offspring of mothers assigned to receive metformin had skinfold evidence of increased subcutaneous fat, which raises the untested possibility that adipose tissue in other locations could be reduced. Information regarding the effects of these agents, which can cross the human placenta, on truly longterm health of offspring are lacking at the present time.
In summary, medical nutritional therapy is recom mended for all patients based on reduced caloric intake for overweight and obese women, limited carbohydrate intake and a focus on complex carbohydrates-principles that are supported by a small amount of goodquality evidence. Maternal glucose selfmonitoring or a combi nation of fetal abdominal circumference measurements with fasting plasma glucose measurements in the clinic can be used to identify women who might benefit from intensified treatment (or conversely, those who do not need intensification). Insulin, glyburide and metformin are viable options for intensification of treatment in the highrisk groups. Regular exercise is often recom mended, but its benefits in terms of pregnancy outcomes are largely unknown.
Postpartum care for mothers
The main emphasis of postpartum care for women affected by GDM should be assessment of the future risk of diabetes mellitus and mitigation of that risk. The basic steps are outlined in Figure 2 . In regard to monitoring, no systematic studies of optimal methods or timing are available. In general, these women should have a fasting plasma glucose measurement before hospital discharge to identify the rare patients who have blood glucose levels in the diabetic range at that time. These women should be treated for diabetes mellitus, whilst other women can be discharged with plans to reassess glucose levels in the outpatient setting. Glucose tolerance testing 1-4 months postpartum is useful for the identification of additional women with diabetes mellitus and in stratify ing the 1-5 year risk of diabetes mellitus. 74 The utility of HbA 1c testing at this time point is uncertain, owing to the potential influence of blood loss during delivery and in the early postpartum period.
In the women who do not have diabetes mellitus at postpartum testing, the risk increases linearly for at least the first 5-10 years, during which 30-50% will develop diabetes mellitus. 75 This risk is high enough to warrant testing these women for diabetes mellitus at least annu ally. The recommendation for using HbA 1c levels to diag nose diabetes mellitus, 1 made by the American Diabetes Association in 2011, makes this annual monitoring rela tively simple. Levels of 6.5% or greater indicate diabetes mellitus. Levels of 5.8-6.4% indicate impaired glucose levels and a high risk of diabetes mellitus. Serial HbA 1c measurements can also be useful to identify the women who are progressing most rapidly toward diabetes mel litus and to assess responses to interventions designed to slow or stop that progression. In this context, the changes in HbA 1c are more important than any individual value.
In regard to mitigation of the risk of diabetes mellitus, the first step is to decide what type of GDM the patient had. A small fraction of patients will have βcell dysfunc tion related to islet autoimmunity or monogenic dia betes, but no wellvalidated approach is available to identify these women. If a patient does not seem to be insulin resistant (for example, if she is lean) one of these condi tions should be considered. Measurement of gluta mate decarboxylase 65 autoantibodies can identify women who may have evolving T1DM. Although no specific interventions can reduce the risk of T1DM, glycaemic control in these patients can deteriorate rapidly. 16 These patients warrant particularly close monitoring of blood glucose and/or HbA 1c levels. Women who have monogenic forms of diabetes that present as GDM generally have a strong family history of diabetes mellitus, consistent with autosomaldominant or maternal inheritance patterns. The diagnosis is complex and consultation with an expert in the genetics of these forms of diabetes is advisable. Some forms respond well to specific therapies. 76 Genetic counsell ing is also important for these women.
The large majority of patients with GDM have other risk factors for the development of T2DM, such as obesity or nonEuropean ancestry. Results from dia betes prevention trials [47] [48] [49] [50] [51] [52] and observational studies of the development of T2DM after GDM 26 suggest that Figure 2 | Suggested management of women with prior gestational diabetes mellitus when risk appears to be for T2DM. Assessment with oral glucose tolerance test and measurement of HbA 1c levels is recommended at 1-4 months postpartum to stratify risk. Women whose initial result is T2DM should begin treatment for that disease. Women whose initial result is impaired glycaemia are at high risk of developing T2DM. They should participate in intensive lifestyle modification programmes 47, 49 to reduce weight and they should have HbA 1c levels checked every 3-6 months to assess their response to this approach. Rising HbA 1c levels indicate an inadequate response. Women whose initial postpartum result is normoglycaemia are still at an increased risk of T2DM. They should receive dietary and exercise advice to promote weight loss and be monitored at least annually by measurement of fasting plasma glucose and HbA 1c levels. The onset of hyperglycaemia, whether assessed by an oral glucose tolerance test or HbA 1c level, is an indication of deterioration and a need for intensification of treatment. Abbreviation: T2DM, type 2 diabetes mellitus.
mitigating the metabolic adverse effects of excess body adipose tissue, especially insulin resistance, is an impor tant approach to reducing the risk of diabetes mellitus. 53 The most logical first step is to reduce body adipose tissue through lifestyle modification. The main principles are to reduce caloric intake through dietary changes and increase caloric output through exercise. This approach has been proven to reduce the risk of T2DM by ~50-60% in people with impaired glucose tolerance, 47, 49 including women with a history of GDM. 55 Given the high rate of progression to diabetes mellitus after GDM, it is advisable to implement some degree of lifestyle modification in all such patients whose risk for diabetes appears to be for T2DM. At present, no compelling evidence suggests that use of medications to prevent diabetes mellitus after GDM pro vides better longterm outcomes than using medications once diabetes mellitus develops. In addition, no medica tions have regulatory approval for treating pre diabetes. Only one medication, metformin, was suggested for 'con sideration' by an expert panel of the American Diabetes Association. 77 Our suggestion is to focus on lifestyle changes and monitoring of HbA 1c levels in patients who do not have diabetes mellitus. Rising HbA 1c levels are indicative of an inadequate response to treatment and suggest a need for intensification of lifestyle changes. An HbA 1c level ≥6.5% indicates onset of diabetes mellitus and a need for pharmacological treatment, a topic that is beyond the scope of this Review.
Several aspects of postpregnancy care are particu larly important for women with prior GDM. One is breastfeeding, which can help women reduce weight after pregnancy, although the effects on the risk of dia betes mellitus are not proven. Breastfeeding has also been associated with reduced obesity in offspring as they grow up (see Improving longterm health of off spring), so it is recommended. Another important issue is family planning. The need is great because additional pregnancies can further increase the risk of diabetes mellitus, 25, 78 and pregnancies after the development of diabetes mellitus carry an increased risk of major birth defects, 9 which could be prevented by appropriate glycae mic control before conception. Family planning provides an opportunity for prevention of GDM, in particular through weight reduction. 79 Although data from randomized controlled trials of contraception after GDM are lacking, observational studies do not suggest contraindications to specific forms of contraception based on a history of GDM, with one exception. At least two studies have demon strated an association between an increased risk of diabetes mellitus and use of unopposed systemic pro gestin contraception. Such an effect was demonstrated for norethisterone in breastfeeding women 80 and for depot medroxy progesterone acetate (DMPA) in women not breastfeeding. 81 At least for DMPA, the detrimental effects were associated with weight gain. Thus, we do not recommend using unopposed progestin contraception in women with prior GDM. If this type of contraception is otherwise the best choice, it should be used with careful monitoring for deterioration of glucose or HbA 1c levels.
Postpartum care of offspring
The potential importance of breastfeeding has been men tioned above. On the basis of the increased risk of obesity and diabetes mellitus during childhood and adolescence, it seems prudent to promote healthy eating and regular exercise and to monitor offspring for development of obesity and related complications.
Conclusions
The Review highlights many of the controversies and knowledge gaps in the clinical care of women with GDM and their offspring. A great need exists for high quality clinical evidence to support many aspects of care. Two areas deserve special attention. First, adoption of the recommendations of the IADPSG for diagnosis of GDM will result in a large increase, perhaps a doub ling, of the incidence of the condition. 4 Justification for this approach is based on perinatal outcomes from the HAPO study. Indeed, because the relationship between maternal glucose levels and perinatal complications is not steep, the additional women identified by the new criteria could have perinatal complication rates that are only slightly lower than those of the women diagnosed as having GDM in the past. The real problem is that, even in the past, only about onethird of women with GDM incurred a perinatal complication of any sort that could be directly attributed to the effects of the condition. A much smaller fraction (<10%) incurred clinically impor tant complications, such as birth trauma or neonatal jaun dice. Doubling the number of women with a diagnosis of GDM will at least double the number of women whose pregnancies do not actually have increased perinatal risk. Approaches based on fetal measurements hold great promise to help clini cians further stratify the antenatal and perinatal risks associated with GDM so that inten sive treatment can be directed at the women with truly highrisk pregnancies. Such approaches are deserving of expanded evaluation in clinical trials.
The second area deserving special attention is the hetero geneity of GDM. The Review has already alluded to the existence of subtypes of GDM based on known causes of βcell dysfunction. Even among the large major ity of women who do not have autoimmune or monogenic forms of diabetes, considerable heterogeneity exists. Asian women tend to be leaner than many other ethnic groups, and yet they have high rates of GDM. Women of African ancestry have lower GDM rates than other ethnic groups, but higher rates of diabetes mel litus after GDM. 12 Understanding the genetic and pathophysiological under pinnings of these differences may be useful in developing targeted approaches to preventing both GDM and diabetes mellitus after GDM in mothers and their offspring.
Review criteria
The manuscript was built on principles of biology and clinical management that our group have developed in >20 years of research in gestational diabetes mellitus. This knowledge was complemented by examination of published literature in the areas of antepartum management, diabetes prevention and the effects of maternal diabetes on offspring. To this end, PubMed was searched for full-text articles in the English language covering the time period up to September 2011 using the search term "gestational diabetes mellitus".
